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This invention relates to a motor vehicle according to the preamble of 
Claim 1. 

Accordingly, this invention relates to a motor vehicle comprising a 
hybrid drive device with an internal combustion engine and with at least one 
electric machine, at least one electric energy storage mechanism and one fuel 
cell system for supplying electricity. 

Furthermore, this invention relates to a method for operating a motor 
vehicle according to the preamble of Claim 9. 

A motor vehicle and a method of this type are known from German Patent 
DE 199 13 794 Al (= United States Patent 6,276,473). The known motor vehicle 
has an internal combustion engine which can drive the motor vehicle 
immediately after starting the vehicle electric system and an electric motor 
as the main drive motor which receives its power from a fuel cell system. The 
motor vehicle is driven by the electric motor instead of the internal 
combustion engine as soon as the fuel cell system has reached operating 
temperature due to heating of the exhaust gas of the internal combustion 
engine. After the fuel cell system has reached the operating temperature, the 
motor vehicle can be driven by the electric motor and/or by the internal 
combustion engine. From the power generated by the fuel cell system, 
secondary units of the motor vehicle and units of the fuel cell system can be 
supplied with the electric power which is needed to operate the at least one 
fuel cell of the fuel cell system. 

WO 98/40922 describes a motor vehicle having a hybrid power generating 
system comprising a fuel cell system and an internal combustion engine. 
Hydrocarbon fuel is first cleaved in a pyrolysis reactor to form a fuel 
component containing hydrogen and the remaining fuel. The at least one fuel 
cell of the fuel cell system is operated with the hydrogen-containing 
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fraction, supplying electric power for the electric motor. The remaining fuel 
may be used as fuel for the internal combustion engine. The fuel cell system 
is designed to supply approx . 50% of the max. power to be supplied by the 
hybrid vehicle. In a low-load range, the fuel cell system supplies all or 
most of the required power. At a higher load, the internal combustion engine 
is also operated. The internal combustion engine can be used directly for 
driving the vehicle wheels or for driving an electric generator which 
generates power for a single electric motor. 

This invention is intended to achieve the object of reducing the power 
consumption of a motor vehicle by using a fuel cell system. This object is 
achieved according to this invention by a motor vehicle having the features 
of Claim 1 and by a method' according to the features of Claim 9. 

Accordingly, this object is achieved by the fact that the fuel cell 
system is designed as an auxiliary power source for delivering a lower power 
than the internal combustion engine; a control device is provided so that in 
its activated state, the fuel cell system can be operated continuously in a 
predetermined operating range or at a predetermined operating point of high 
efficiency, whereby the power it can deliver can be supplied to at least one 
power consuming device, and any excess power generated by the fuel cell 
system can be supplied to at least one additional power consuming device to 
obtain the high power delivery by the fuel cell system as required to achieve 
the high eff iciency . mentioned above. 

Therefore, the fuel cell system forms an auxiliary power unit. 
Additional features of this invention are characterized in the subordinate 
claims . 

This invention is described in greater detail below with reference to 
the drawings on the basis of preferred exemplary embodiments as examples. In 
the drawings : 

FIG 1 shows a motor vehicle according to this invention having a 
parallel hybrid drive, 

FIG 2 shows schematically another embodiment of a motor vehicle 
according to this invention with a serial hybrid drive, 



P800049/WO/1 English Translation 

3 

FIG 3 shows a diagram which illustrates the functional relationship 
between efficiency and power delivered by the fuel cell system. 

The motor vehicle 2 depicted in FIG 1 contains a parallel hybrid drive 
device 4 having an internal combustion engine 6 and at least one electric 
machine 8 and/or 10. Furthermore, at least one energy storage mechanism 12 is 
provided for storing electric power, and a fuel cell system 14 is provided 
for generating electric power and preferably also for generating usable 
thermal energy. The energy storage mechanism 12 may be a battery, for 
example, or a capacitor. 

The internal combustion engine 6 is connected via a drive train 16 to 

an automotive transmission 18 and can drive the vehicle wheels 20 via this 

transmission. Additional vehicle wheels 22 may be driven in the same way or 
may be non-driven wheels. 

The second electric machine 10 is in the drive train 16. When operated 
as an electric motor, it can drive the vehicle wheels 20 in addition to or 
instead of the wheels being driven by the internal combustion engine via the 
automotive transmission 18. Preferably a first shif table clutch 18 and/or a 
second shiftable clutch 21 is provided in at least one of the two line 
sections 16-1 and/or 16-2 between the second electric machine 10 and the 
internal combustion engine 6 and/or this second electric machine 10 and the 
automotive transmission 18. When the first clutch 18 is disengaged and the 
second clutch 21 is engaged at the same time, the second electric machine 10 
(a) may function as an electric motor to transmit electric power from the 
energy storage mechanism 12 and/or the fuel cell system and to transmit 
driving torque to the vehicle wheels 2 0 without entraining the internal 
combustion engine 6 or (b) may function as an electric generator which is 
driven by the vehicle wheels 20 to generate electric storm [sic; current] 
which is stored in the energy storage mechanism 12 and/or can be transmitted 
to auxiliary units 22 and/or 24 or (c) may be operated as an electromagnetic 
vehicle brake. When the second clutch 21 is disengaged and the first clutch 
18 is engaged at the same time, the second electric machine 10 may be (a) 
driven by the internal combustion engine 6 and thereby generate electric 
power by functioning as a generator, said electric power being storable in 
the energy storage mechanism 12 and/or able to be supplied to the secondary 
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units 22 and 24 or (b) used as a starter for starting the internal combustion 
engine 6 . 

As an electric motor, the first electric machine 8 can obtain electric 
power from the energy storage mechanism 12 and/or from the fuel cell system 
14 and transmit torque via the automotive transmission 18 to the vehicle 
wheels 20, either alone or together with the second electric machine 10, 
which is operated as an electric motor, and/or together with the internal 
combustion engine 6. Furthermore, the first electric machine 8 can be driven 
by the vehicle wheels 20 and can thereby generate electric current which can 
be stored in the energy storage mechanism 12 and/or can be supplied to the 
secondary units 22, 24 and/or auxiliary units of the fuel cell system 14 that 
are necessary for operation of its at least one fuel cell, e.g., compressor, 
heating or air conditioning system, fan, valves. 

The electric current is distributed among the various elements by an 
electronic control unit 30 of a vehicle electric system 28. After turning on 
the electric vehicle electric system and thus also the control unit 30, the 
motor vehicle 2 can be started immediately with the internal combustion 
engine 6. The resulting heat generated by the internal combustion engine, 
e.g., by its exhaust, can be used to heat the fuel cell system 14 to 
operating temperature. Instead of or in addition to that, a heating device 
may also be provided for heating the fuel cell system 14. After the fuel cell 
system 14 has reached operating temperature, its electric power may be used 
exclusively or additionally to provide mechanical energy to the internal 
combustion engine 6 to drive the motor vehicle 2 . 

Double arrows 32 and single arrows 34 indicate on the electric 
connecting paths between the individual parts in the drawings show the 
direction of electric current flow. The double arrows 32 show that the 
current can flow in either one direction or the other depending on whether 
the respective parts are supplying or are being supplied with electric power. 

According to this invention, the fuel cell system 14 is designed as an 
auxiliary power source for delivering a lower power than the internal 
combustion engine 6 and through the control unit 30, when the vehicle 
electric system is turned on, the fuel cell system 14 can be operated 
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continuously in a predetermined operating range or at a predetermined 
operating point of high efficiency, in which case the power that can be 
delivered by the fuel cell system can be supplied to at least one preselected 
unit of the following power consuming devices: "electric machine 8, 10, power 
storage device 12 and/or secondary units 22, 24, vehicle electric system 28 
and control unit 3 0" and any excess power generated by the fuel cell system 
14 can be supplied to at least one additional unit of these power consuming 
units, depending on predetermined operating criteria such as the charge 
status of the electric energy storage mechanism 12 and the instantaneous 
power demand of the other power consuming units. 

According to a preferred embodiment of this invention, the fuel cell 
system 14 is designed only for the maximum power demand of the vehicle 
electric system 28 and at least one of the secondary units 22, 24. The 
secondary units 22, 24 not only deliver automotive driving power but also 
serve other functions such as the operation of the air conditioning system, 
interior heating, seat heating, cigarette lighter, radio, television, 
navigation system, data processing system, ice chest or refrigerator, window 
opener, door opener, sunroof or convertible top opener, trunk opener, vehicle 
steering, vehicle brake system, vehicle interior lighting, vehicle exterior 
lighting, telecommunication systems, compressor, oil pump, water pump and/or 
gasoline pump and/or a tool unit, in particular a cable wench, vehicle lift 
and/or a street sweeper brush. 

According to a preferred embodiment of this invention, the maximum 
efficiency of the fuel cell system 14 is in the predetermined operating range 
or at the predetermined operating point. 

Similar parts in FIG 2 are labeled with the same reference notation as 
that used in FIG 1. A generator 40 has or can have a drive connection to an 
internal combustion engine 6 through a drive connection 4 2 for generation of 
electric power and it is or can be electrically connected via an electric or 
electronic control unit 30 of the vehicle electric system 28 to the electric 
energy storage mechanism 12 and/or an electric machine 10. The electric 
machine 10 is or can be connected electrically to the generator 40 or to the 
electric energy storage mechanism 12 (e.g., a battery or a capacitor) either 
directly or preferably via the control unit 30. The electric machine 10 has a 
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drive connection to the vehicle wheels 20 via a drive train section 16-2 or 
it can be connected thereto via a shif table clutch 21. The drive train 
section 16-2 may contain a transmission. 

The generator 40 is preferably also operable as an electric motor for 
starting the internal combustion engine 6. 

When the electric machine 10 is supplied with electric current from the 
energy storage mechanism 12 or the generator 40, it acts as an electric drive 
motor for driving the vehicle. Furthermore, this electric machine 10, when it 
is driven by the vehicle wheels 2 0 when the vehicle is coasting, can function 
as a generator and thereby supply current to the energy storage mechanism 12 . 
Furthermore, there is also the possibility of supplying electric power to the 
electric machine 10, as an electric vehicle brake. 

A fuel cell system 14 is connected or connectable to the electric 
energy storage mechanism 12 either directly or preferably via the electric 
control unit 30. For starting the fuel cell system 14, it obtains electric 
current from the energy storage mechanism 12 . After the fuel cell system 14 
has reached operating status, e.g., it has reached the operating temperature 
required for internal reactions, it is itself capable of generating power, 
which can then be supplied to the energy storage mechanism 12. Furthermore, 
an electric connection of the fuel cell system to the electric side of the 
electric machine 10 and/or to the electric side of the generator 40 may also 
be provided, preferably via the control unit 30, to supply the fuel cell 
system 14 with electric power to start it or to supply the electric machine 
10 with electric power from the fuel cell system 14 . 

As in FIG 1, the internal combustion engine 6 in FIG 2 is again the 
main power generator for the drive of the vehicle. The fuel cell system 14 is 
designed as an auxiliary power source for delivering a lower power than the 
internal combustion engine 6. Through the control unit 30, the fuel cell 
system 14 is operated continuously in a predetermined operating range or at a 
predetermined operating point of high efficiency whenever the fuel cell 
system is turned on; the power deliverable by the fuel cell system can be 
supplied to one or more predetermined devices of the power consuming devices, 
any excess power generated by the fuel cell system 14 being supplied to at 
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least one other unit of these power consuming devices, depending on the power 
demand of the device, in order to maintain the high power delivery by the 
fuel cell system 14 required for good efficiency. 

The excess energy generated by the fuel cell system 14 is preferably 
used to drive the vehicle or is stored in the energy storage mechanism 12 . 
The maximum efficiency of the fuel cell system 14 is preferably in the 
predetermined operating range or at the predetermined operating point. 
Secondary units 22 and/or 24 may also be provided in FIG 2, as in FIG 1. 

The excess power of the fuel cell system 14 in FIG 2, like that in 
FIG 1, may be supplied either completely or partially to the energy storage 
mechanism 12 or to the electric machine 10 when the latter is operated as an 
electric driving motor, depending on the operating criteria. Such operating 
criteria include, for example, the charge capacity of the energy storage 
mechanism 12 and its instantaneous charge status and the instantaneous power 
demand of the electric machine 10. It can be seen from this that the electric 
power of the fuel cell system 14 can be supplied only to the energy storage 
mechanism 12 or, according to another embodiment, it may also be supplied 
simultaneously or alternatively to the electric machine 10. 

According to a preferred embodiment, the fuel cell system 14 is 
designed (with respect to its maximum deliverable power) only for the maximum 
power demand of the vehicle electric system and/or at least one of the 
secondary units or all the secondary units 22, 24 which are not provided for 
delivering driving power. 

The fuel cell system 14 thus functions only as an auxiliary power unit 
while the internal combustion engine 6 is the main source of driving energy. 
The fuel cell system 14 is at peak efficiency when a consumer that withdraws 
from the fuel cell system its maximum generable power is connected to the 
fuel cell system. 

In FIG 1 and FIG 2, the fuel cell system 14 is designed to permit a 
standing supply (shutdown of the vehicle and/or shutdown of the internal 
combustion engine 6) . The fuel cell system 14 generates enough current when 
the vehicle is shut down, in particular when the internal combustion engine 
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is shut down, in operation of the most important secondary units 2 2 and/or 24 
to maintain at least the minimum charge status of the energy storage 
mechanism 12 and/or for a renewed starting of the fuel cell system 14 and to 
start the internal combustion engine 6 . 

This invention is explained in greater detail below with reference to 
FIG 3. It shows the efficiency n of the fuel cell system 14 as a function of 
the power "P" generated by it for all the embodiments of this invention. 

The fuel cell system 14 has its best, i.e., maximum, efficiency n^x at a 
system-determined optimum energy delivery level. This requires an optimum 
power demand P 0 of the at least one power consuming device connected to the 
fuel cell system 14. This yields an optimum operating point "B . " The fuel 
cell system 14 is designed for the maximum power demand P^* of the vehicle 
electric system and the secondary units 22, 24. According to this invention, 
at both optimum power demand P 0 and at a reduced power demand P lf the fuel 
cell system 14 is operating at the optimum operating point "B" at which the 
maximum efficiency n max prevails or it is operating in an operating range that 
is close to the optimum operating point "B" or is close to or includes that 
point. This is achieved by the fact that at a reduced power demand P X/ the 
excess power AP generated (difference between the reduced power demand Px and 
the optimum power demand P 0 at the maximum efficiency n max ) is delivered to the 
at least one electric machine 8 and 10 for driving operation or to the energy 
storage mechanism 12. The optimum energy, i.e., power P 0 at which the maximum 
efficiency n^x prevails based on the system amounts to 2.5 kw, for example, 
for a passenger vehicle. Depending on the type of vehicle, the value may be 
between 1.5 kW and 5.0 kW, for example. At an optimum power (optimum power 
demand) P 0 of 2.5 kW and a reduced power demand P 1 of 0.6 kW, this yields an 
excess power of 1.9 kW, which can be used directly for driving operation or 
can be stored temporarily in the energy storage mechanism 12 . 

This prevents the fuel cell system 14 from being operated in an 
operating range of low efficiency. If the optimum operating point "B n cannot 
be situated in the range of the maximum efficiency r\ m3LXf it is preferably 
shifted in the direction of the maximum power demand P^x rather than in the 
direction of the reduced power demand Pi because the efficiency curve, 
starting from the maximum efficiency rimax/ drops much more steeply toward the 
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The fuel cell system 14 is designed only for a power great enough to 
ensure a basic supply for minimum operation of the motor vehicle, e.g., for 
starting the internal combustion engine and for starting the fuel cell system 
and the lighting system needed for operation of the vehicle. Preferably, 
however, the basic power supply of the fuel cell system 14 is also used to 
supply power for vehicle devices such as the air conditioning system and/or 
secondary units as mentioned above. 

This invention yields the following advantages, for example: 

High energy savings, high total efficiency of the motor vehicle due to 
fuel cell power supply and recuperation of electric power by operation of one 
or more electric machines as a generator which can be driven by the vehicle 
when coasting and/or by the internal combustion engine; power supply when the 
vehicle is standing still, in particular when the internal combustion engine 
is turned off, which is particularly low noise, effective and environmentally 
friendly; relieving the burden on the energy storage mechanism 12 so that the 
latter has a greater lifetime; purely electric drive of the vehicle on a 
permanent basis is also possible as long as only low power levels are 
required; all the known advantages of a hybrid drive are preserved. 



